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The technology progress is more and more critical for enterprise’s existing and 
development as the era of economic globalization. R&D and training is the 
twin-engine of technology progress at the same time. The present study is unilateral 
exploration of impact of R&D or training on economy, which ignores the interaction 
between them. Therefore, this paper mainly studies weather there is complementary 
relationship between R&D and training, and the influence to innovation performance 
of enterprise if there is strategic complementarities between R&D and training. 
This paper will start with the theory development of R&D and training by 
reading and organizing important articles in economics. On the basis of the theory put 
forward by Acemoglu, this paper teases out mathematical model about the strategic 
complementarities between R&D and training, and explains the results of multiple 
equilibria. We add a complementary test based on supermodular games besides test by 
interactive items on the empirical part. 
Using the balance panel data from 2005-2007 of manufacturing industry in the 
China industry business performance data, we will mainly talk about the empirical 
research on complementarities on the total data, as well as several different groups 
distinguished by technology-intense. Concluded from the empirical research we know 
that: (1) Training is more common than R&D, but investment on R&D is much higher 
than investment on training. (2) There are complementarities between R&D and 
training, and the mixing effect is greater than the single effect of R&D or training on 
new product output, which means R&D and training have complementary effect on 
innovation performance. (3) If the enterprise has at least one of R&D and training, its 
new product output will higher than those enterprises which lack of R&D and training 
meanwhile. Both R&D and training have increasing marginal effect of promoting 
effect on innovation performance, and the elasticity of R&D on innovation 
performance is greater than the elasticity of training on innovation performance. (4) 
Compared with other technology types of enterprises, low technology enterprises have 
least investments on R&D and training which leads to least promoting effects of R&D 
and training on innovation performance. 
Finally, this paper will give some relevant policy suggestions according to the 
empirical results. 
 


















第一章  绪论 .................................................................................................................... 1 
第一节 选题背景和意义 ............................................................................................. 1 
第二节 研究思路与内容 ............................................................................................. 3 
一、研究思路 ......................................................................................................... 3 
二、主要内容与框架 ............................................................................................ 3 
第三节 创新点与不足.................................................................................................. 4 
一、论文的创新点与贡献 ................................................................................... 4 
二、论文的不足之处 ............................................................................................ 5 
第二章  文献综述 .......................................................................................................... 6 
第一节  研发、培训和互补性概念的提出 ............................................................ 6 
第二节  相关理论发展体系 ....................................................................................... 7 
一、内生增长理论 ................................................................................................ 7 
二、人力资本理论 ................................................................................................ 8 
三、研发与培训的互补性理论 ........................................................................ 10 
第三节  相关实证研究 ............................................................................................. 12 
一、研发对经济增长的影响 ............................................................................. 12 
二、培训对经济增长的影响 ............................................................................. 12 
三、研发和培训对经济增长的影响 ................................................................ 13 
第三章  研发与培训互补性的机理分析 .......................................................... 15 
第一节  互补性与多重均衡 ..................................................................................... 15 
一、基本假设 ....................................................................................................... 15 
二、劳动力市场描述 .......................................................................................... 16 
三、最大化总剩余 .............................................................................................. 17 
四、多重均衡结果 .............................................................................................. 18 
第二节  互补性检验方程 ......................................................................................... 19 
第四章  计量模型构建与数据描述 ..................................................................... 21 
第一节  计量模型构建 ............................................................................................. 21 















一、数据来源与样本量的选取 ........................................................................ 22 
二、变量测度及说明 .......................................................................................... 22 
第三节  描述性统计 .................................................................................................. 24 
第四节  研发与培训的趋势分析 ............................................................................ 28 
第五章  回归结果分析及稳健性检验 ............................................................... 31 
第一节  互补性检验的回归结果 ............................................................................ 31 
一、回归方程与回归方法 ................................................................................. 31 
二、回归结果分析 .............................................................................................. 32 
第二节  分组进行互补性检验 ................................................................................ 36 
第三节  对互补性的稳健性检验 ............................................................................ 42 
第六章  结论及政策建议 .......................................................................................... 45 
附录  互补性定理证明 .............................................................................................. 48 
参考文献 ............................................................................................................................. 51 




















Charpter 1  Introduction .......................................................................................... 1 
Section 1  Backgrounds and significance .............................................................. 1 
Section 2  Basic thoughts and contents .................................................................. 3 
1  Basic thoughts ................................................................................................... 3 
2  Contents and frameworks ................................................................................ 3 
Section 3  Innovation and inadequate  .................................................................. 4 
1  Innovation and contribution ............................................................................ 4 
2  Inadequate ......................................................................................................... 5 
Charpter 2  Literature review ................................................................................ 6 
Section 1  Definition of R&D, training and complementarities ....................... 6 
Section 2  System of relevant theory development .............................................. 7 
1  Theory of endogenous growth ........................................................................ 7 
2  Theory of human capital .................................................................................. 8 
3  Theory of complementarities between R&D and training ........................ 10 
Section 3  Relevant empirical research ................................................................ 12 
1  Influence of R&D on economic growth ...................................................... 12 
2  Influence of training on economic growth .................................................. 12 
3  Influence of R&D and training on economic growth ................................ 13 
Charpter 3  Mechanism analysis of complementarities between 
R&D and training ......................................................................................................... 15 
Section 1  Complementarities and multiple equilibria .................................... 15 
1  Basic assumptions .......................................................................................... 15 
2  Description of labor market .......................................................................... 16 
3  Total surplus maximization ........................................................................... 17 
4  Multiple equilibria .......................................................................................... 18 
Section 2  Function of complementary test ......................................................... 19 
Charpter 4  Establishment of empirical model and description of 
data ....................................................................................................................................... 21 
Section 1  Establishment of empirical model ..................................................... 21 
Section 2  Data source and variables selection ................................................... 22 















2  Variables measurement and selection .......................................................... 22 
Section 3  Descriptive statistics .............................................................................. 24 
Section 4  Trends of R&D and training ............................................................... 28 
Charpter 5  Analysis of regression results and robustness test .......... 31 
Section 1  Regression results of complementary test ........................................ 31 
1  Regression functions and regression method ............................................. 31 
2  Analysis of regression results ....................................................................... 32 
Section 2  Sub-samples regression for complementary test ............................ 36 
Section 3  Robustness test for complementarity ................................................ 42 
Charpter 6  Conclusions and policy suggestions ........................................ 45 
Appendix  Proof of complementarities theorem ......................................... 48 
Reference ........................................................................................................................... 51 




















表 1.1  中国 1996 - 2015 年间研发经费支出及投入强度 ........................................ 2 
图 2.1  熊彼特增长理论作用机制 ............................................................................. 8 
表 4.1  总样本描述性统计 ....................................................................................... 25 
表 4.2  制造业技术密集度分类 ............................................................................... 26 
表 4.3  主要变量的分样本描述性统计 ................................................................... 27 
图 4.1  各类研发企业和各类培训企业占企业总数的比例 ................................... 28 
图 4.2  2005 - 2007 年间各类研发企业占企业总数的比例 ................................... 29 
图 4.3  2005 - 2007 年间各类培训企业占企业总数的比例 ................................... 29 
图 4.4  2005 - 2007 年间研发总额和培训总额 ....................................................... 30 
表 5.1  互补性检验的回归结果 ............................................................................... 33 
图 5.1  研发/培训与新产品产值的对应关系 .......................................................... 35 
表 5.2  低技术企业互补性检验的回归结果 ........................................................... 37 
表 5.3  中低技术企业互补性检验的回归结果 ....................................................... 38 
表 5.4  中高技术企业互补性检验的回归结果 ....................................................... 39 
表 5.5  高技术企业互补性检验的回归结果 ........................................................... 40 
图 5.2  不同技术密集度企业研发/培训与新产品产值的对应关系 ...................... 41 
表 5.6  研发与培训的分位数情况（单位：千元） ............................................... 43 
表 5.7  以 90%分位数划分的稳健性检验结果（一） .......................................... 43 























































年 11 月，国家统计局发布的《2015 年全国科技经费投入统计公报》的相关数据
显示，2015 年全国研发经费支出 14169.9 亿元，比上年增加 1154.27 亿元，增长
8.89%；研发经费的投入强度为 2.07%。由表 1.1 可以看出，过去的 20 年间，我





































1996 404.48 - 0.56 2006 3003.10 22.58 1.37 
1997 509.16 25.88 0.64 2007 3710.24 23.55 1.37 
1998 551.12 8.24 0.65 2008 4616.02 24.41 1.44 
1999 678.91 23.19 0.75 2009 5802.11 25.70 1.66 
2000 896.00 31.98 0.89 2010 7063.00 21.73 1.71 
2001 1042.49 16.35 0.94 2011 8687.00 22.99 1.78 
2002 1287.64 23.52 1.06 2012 10298.41 18.55 1.91 
2003 1539.63 19.57 1.12 2013 11846.60 15.03 1.99 
2004 1966.33 27.71 1.21 2014 13015.63 9.87 2.02 
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